INTRODUCTION
============

Hepatitis C virus (HCV) has infected over 170 million people worldwide \[[@b1-cmh-2016-0087],[@b2-cmh-2016-0087]\] and is one of the main causes of chronic liver disease in Korea \[[@b3-cmh-2016-0087]\]. HCV infection can cause renal disease in both native and transplanted kidneys including membranoproliferative glomerulonephritis, with or without cryoglobulinemia, membranous nephropathy and significantly reduces graft survival in renal transplant recipients \[[@b4-cmh-2016-0087]\]. It is reported that HCV patients have 23% greater relative risk of chronic kidney disease (CKD) compared to those without HCV \[[@b5-cmh-2016-0087]\]. It is therefore essential to treat HCV in patients with any stage of CKD.

Until recently the treatment of HCV infection in patients with CKD consisted of pegylated interferon (PEG) with or without ribavirin (RBV); however treatment outcomes were poor and side effects sometimes intolerable \[[@b6-cmh-2016-0087],[@b7-cmh-2016-0087]\]. With the availability of the direct acting antivirals (DAAs), substantial changes in the treatment of HCV in patients with CKD is anticipated. The American Association for the Study of Liver Diseases and the Infectious Diseases Society of America recommend that patients with mild-to-moderate renal impairment can be treated without any dose adjustment while using any of the recommended agents/regimens to treat HCV. In patients with severe renal impairment (estimated Glomerular Filtration Rate \[eGFR\] less than 30 mL/min), the FDA recommended regimen is standard-dose ombitasvir-paritaprevir-ritonavir and dasabuvir with or without ribavirin or fixed-dose elbasvir/grazoprevir \[[@b8-cmh-2016-0087]\].

Sofosbuvir (SOF), a HCV NS5B nucleotide inhibitor, has primary renal clearance and therefore is not recommended in patients with estimated glomerular filtration rate (eGFR) less than 30 mL/min. A study in patients with advanced renal disease (eGFR\<30 mL/min/1.73m^2^) is currently in progress. SOF may be safe in treatment of HCV in patients with mild or moderate renal impairment, however there is extremely limited clinical data of its use in this unique patient population.

The aim of this current study is to define safety and efficacy of SOF-based regimens among those HCV-infected patients with moderate renal impairment in a real-world setting.

PATIENTS AND METHODS
====================

Patients
--------

We retrospectively reviewed electronic medical records of all adult patients with chronic HCV infection treated with SOF-based regimens at Virginia Mason Medical Center from December 2013 to September 2015. We then reviewed data of all HCV G1 patients treated with SOF-based regimens who had eGFR between 30--60 mL/min/1.73m^2^ at baseline. eGFR was calculated by the modification of diet in renal disease study equation as 186 × (Creatinine/88.4)^-1.154^ × (Age)^-0.203^ × (0.742 if female) × (1.210 if black) \[[@b9-cmh-2016-0087]\]. eGFR 45--60 mL/min/1.73m^2^ was defined as CKD stage 3A and eGFR 30--45 mL/min/1.73m^2^ was defined as CKD stage 3B. The diagnosis of cirrhosis was made by liver biopsy and/or transient elastography with a median score above 12.5 kPa being considered as consistent with cirrhosis (on a scale of 1.5 to 75.0 kPa). Treatment history was categorized into treatment naïve and treatment experienced based on history of previous HCV treatment.

Laboratory tests were checked prior to initiation of treatment, at least once a month throughout the treatment period, at the end of treatment, and post-treatment week 4 and week 12. Complete blood count, serum aminotransferase enzymes, albumin, total bilirubin, and serum creatinine were measured using standard laboratory procedures. Worsening of renal function was defined as a 30% reduction in eGFR from baseline at any point during treatment \[[@b10-cmh-2016-0087]\]. HCV RNA levels were checked with a lower limit of quantification of 12 IU/mL.

Definition of virologic response was undetectable HCV RNA levels. A rapid virologic response (RVR) was defined as undetectable HCV RNA at week 4 of treatment. We evaluated rate of sustained virologic response (SVR), as defined as undetectable HCV RNA 12 weeks post treatment (SVR12). Virologic relapse was defined as a serum HCV RNA level more than 12 IU/mL at anytime during treatment or during 12-week post-treatment period. HCV RNA level \> 800,000 IU/mL was used as cut-off value high HCV RNA level \[[@b11-cmh-2016-0087]\]. Adverse events on treatment were collected at clinic visits or by patient report throughout treatment period. Transfusion or use of erythropoietin during treatment was reviewed. This study was approved by the institutional review board of Virginia Mason Medical Center.

Statistical analysis
--------------------

Categorical data are expressed as number (percentage), whereas continuous data are expressed as mean ± SD. The Student's *t* test was used to compare means, and the chi square test or Fisher's exact test was used to compare proportions. *P*\<0.05 was considered statistically significant. Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 18.0 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS
=======

Baseline characteristics
------------------------

Twenty-eight patients with baseline CKD stage 3 were included after review of all HCV G1 patients treated with SOF-based regimen during this period. Majority of the patients had genotype 1A, and 50% of the patients had cirrhosis. Among the 28 patients, 11 patients were treated with SOF/LDV, 13 with SOF/simeprevir (SIM), and 4 with SOF/PEG/RBV. Although statistically not significant, the mean age was younger and the presence of cirrhosis was lower in the SOF/PEG/RBV group compared to the other 2 groups. According to baseline eGFR, 21 patients were regarded as having CKD stage 3A, and seven patients with CKD stage 3B. There were no statistically significant differences between CKD stage 3A and CKD stage 3B groups; with the exception of renal function and bilirubin level. Bilirubin level was higher in CKD 3A group, likely due to higher number of patients with cirrhosis in this group. Baseline characteristics are shown in [Table 1](#t1-cmh-2016-0087){ref-type="table"}.

Virologic response
------------------

SVR12 was achieved in 24 of 28 patients (85.7%). All 7 patients with CKD stage 3B achieved a SVR12. Among patients with CKD stage 3A, 81% (17/21) achieved SVR12. Of the 4 patients with CKD stage 3A who relapsed, 2 received SOF/LDV, 1 patient each received SOF/SIM and SOF/PEG/RBV. The treatment results of each regimen according to baseline renal function are provided in [Figure 1](#f1-cmh-2016-0087){ref-type="fig"}.

SVR12 rates in patients who achieved RVR was higher than those who did not achieve RVR (90.0 % vs. 60.0%, *P*=0.206) and SVR12 was higher in patients without cirrhosis compared to those with cirrhosis (92.9% vs. 78.6%, *P*=0.302). SVR12 rates in patients less than 65 years old was higher compared to those 65 years or older (94.4% vs. 70.0%, *P*=0.109). Based on genotype, SVR12 was 94.4% (17/18) in patients with genotype 1A and 70% (7/10) in patients with genotype 1B (*P*=0.109). Statistically, there were no significant factors to predict treatment success. Treatment results according to population subgroup using univariate analysis are provided in [Table 2](#t2-cmh-2016-0087){ref-type="table"}.

Adverse effects and safety
--------------------------

All patients completed treatment, and only 1 patient failed to take RBV for 2 days. A full list of adverse events is provided in [Table 3](#t3-cmh-2016-0087){ref-type="table"}. Fatigue and headaches were the most common adverse events. No serious adverse events were reported. Four patients had worsening renal function, which included 2 out of 21 patients (9.5%) with CKD stage 3A and 2 out of 7 patients (28.6%) with CKD stage 3B ([Fig. 2](#f2-cmh-2016-0087){ref-type="fig"}). All 4 patients subsequently recovered renal function back to their baseline. Four patients had anemia defined as hemoglobin less than 10 g/dL or over 2 g/dL drop in hemoglobin. This included 3 patients (14.3%) with CKD stage 3A and 1 patient (14.3%) with CKD stage 3B. In the CKD stage 3A group, 2 patients required transfusion, and 2 patients were treated with erythropoietin, while 1patient with CKD stage 3B required erythropoietin therapy.

DISCUSSION
==========

SOF acts by inhibiting HCV NS5B RNA-dependent RNA polymerase, which is required for hepatitis C viral replication. SOF is metabolized in the liver to its pharmacologically active metabolite (GS-461203), which gets incorporated into HCV RNA by the NS5B polymerase and acts as a chain terminator. It also produces inactive metabolite GS-331007, which enters the circulation and is renally eliminated. In patients with renal impairment, the area under the concentration-time curve (AUC) of GS-331007 is increased by 56% in mild, 90% in moderate and 456% in severe renal impairment subjects, compared to normal subjects \[[@b12-cmh-2016-0087]\]. As a result SOF is not recommended in patient with severe renal impairment. Several clinical trials have evaluated the safety and efficacy of SOF with heterogenous results.

The HCV TARGET study, a multicenter prospective observation study, captured data from 1893 patients treated with a SOF based regimen \[[@b4-cmh-2016-0087]\]. 168 of these patients had baseline eGFR 46--60 mL/min/1.73m^2^, 55 patients with eGFR 31--45 mL/min/1.73m^2^ and 18 with eGFR ≤ 30 mL/min/1.73m^2^, majority were genotype 1. These patients were treated with SOF based regimen including SOF/PEG/RBV, SOF/RBV or SOF/SIM with or without RBV. The overall SVR12 was 82--83% and was similar across eGFR groups. However, these patients experienced higher rates of worsening renal dysfunction and other serious adverse events. In comparison, other clinical trials did not report significant worsening renal function when treated with either full dose of SOF (400 mg) every other day or half dose (200 mg) daily, however these trials enrolled small number of patients \[[@b12-cmh-2016-0087]\].

Our study included regimens SOF/LDV, SOF/SIM and SOF/PEG/RBV and is important because SOF/LDV is now available in genotype 1a and 1b with RAV in Korea although experience in CKD is insufficient yet. LDV has biliary clearance and therefore no dose reduction is required for patients with mild to moderate renal insufficiency. We specifically focused on patients with moderately impaired renal function.

In our study, the overall SVR12 rate in CKD stage 3 patients was high at 85.7%. The SVR12 rate based on treatment regimen was 81.8% for SOF/LDV, 92.3% for SOF/SIM, and 75.0% for SOF/PEG/RBV. Other studies with SOF based regimens have also shown high SVR rates and SOF has been found to be well tolerated both in moderate and severe renal impairment patients \[[@b13-cmh-2016-0087],[@b14-cmh-2016-0087]\].

Based on the CKD stage, SVR12 in patients with CKD stage 3A was 81.0 % and in CKD stage 3B patients it was 100%. Although there was no significant difference in baseline characteristics between the two groups, CKD 3A group had more treatment experienced patients (36.0% vs. 28.6%) and also higher number of patients with cirrhosis (52.4% vs. 42.9%) ([Table 1](#t1-cmh-2016-0087){ref-type="table"}).

In our study, 2 patients failed to achieve SVR in the SOF/LDV group. One patient was a 67-year-old Caucasian man, treatment naïve with cirrhosis, and the second patient was a 78-year-old Caucasian woman, treatment experienced with stage 2 fibrosis. The patient in SOF/SIM group who failed to achieve SVR12 was a 70-year-old African-American man, treatment experienced with cirrhosis, and the patient treated with PEG/RBV/SOF that failed to achieve SVR was a 57-year-old Caucasian man with cirrhosis.

We observed worsening renal function to be more common in patients with CKD stage 3B (28.6%) compared with CKD stage 3A (9.5%). We performed a multivariate analysis to try and identify any factors that could predict worsening renal function in patients with CKD being treated with SOF based regimen, however no obvious risk factors were identified. This is maybe due to the fact that only a small number of patients experienced worsening renal function. Therefore renal function during SOF-based treatment should be carefully monitored in all patients with CKD stage 3.

However, all patients recovered baseline renal function without discontinuation of treatment. In our study, of the 4 patients who experienced worsening renal function during therapy, 2 patients had compensated cirrhosis and were not on diuretics, and the other 2 patients were non-cirrhotics.

Anemia is a common adverse event in RBV including regimens \[[@b15-cmh-2016-0087]\], and CKD patients generally have a lower baseline hemoglobin level. Three patients (14.3%) with CKD stage 3A and 1 patient (14.3%) with CKD stage 3B had anemia with a hemoglobin level lower than 10 g/dL during treatment. Three of the patients received SOF/PEG/RBV, and the fourth received SOF/SIM. Other adverse events were rare and not severe. Most common side effects were fatigue and headache. No patient discontinued treatment due to side effects.

We tried to analyze the predictors affecting treatment outcomes, but none were considered as predictors of SVR, possibly due to the small number of patients.

This study has unique strengths compared to that of previous studies. This is the first real-life treatment response and adverse effects data of CKD stage 3 patients using various SOF-based regimens in a single center. The limitations of this study are its retrospective nature and the small number of included patients. Moreover, the diagnosis of cirrhosis was made by different methods.

In conclusion, SOF-based regimens resulted in high SVR12 rates without serious adverse events in patients with moderately impaired renal function. Both CKD stage 3A and CKD stage 3B patients can be considered for treatment with a SOF-based regimen, however clinicians should be cautious and monitor for worsening of renal functions during treatment.
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![Virologic response by treatment regimen and baseline renal function. SVR, sustained virologic response; SOF, sofosbuvir; LDV, ledipasvir; SIM, simeprevir; PEG, pegylated interferon; RBV, ribavirin; CKD 3A, estimated glomerular filtration rate \[eGFR\] 45--60 mL/min/1.73mm^2^ ; CKD 3B, eGFR 30-45 mL/min/1.73mm^2^ .](cmh-2016-0087f1){#f1-cmh-2016-0087}

![The change of estimated glomerular filtration rate (eGFR) in patients with worsening of renal function during treatment. EOT, end of treatment; SOF, sofosbuvir; SIM, simeprevir; LDV, ledipasvir.](cmh-2016-0087f2){#f2-cmh-2016-0087}

###### 

Demographic and clinical characteristics of patients at baseline

  Baseline characteristic                     CKD 3A (n=21)            CKD 3B (n=7)             All patients (n=28)      *P*-value
  ------------------------------------------- ------------------------ ------------------------ ------------------------ -------------------------------------------------------
  Treatment regimen (n, %)                                                                                               0.097^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
   SOF/LDV                                    6 (28.6)                 5 (71.4)                 11 (39.3)                
   SOF/SIM                                    12 (57.1)                1 (14.3)                 13 (46.4)                
   SOF/PEG/RBV                                3 (14.3)                 1 (14.3)                 4 (14.3)                 
  Age (mean±SD, range), years                 61.0 ± 11.2 (27-78)      62.9 ± 5.4 (56-72)       61.4 ± 10.0 (27-78)      0.67
  Male Sex (n, %)                             19 (47.6)                5 (71.4)                 15 (53.6)                0.253^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
  Body-mass index (mean±SD, range)            28.3 ± 4.2 (21-36.7)     25.5 ± 2.6 (23.2-30.9)   27.6 ± 4.0 (21-36.7)     0.113
  Race (n, %)                                                                                                            0.253^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
   White                                      19 (90.5)                5 (71.4)                 24 (85.7)                
   African American                           1 (4.8)                  1 (14.3)                 2 (7.1)                  
   Other                                      1 (4.8)                  1 (14.3)                 2 (7.1)                  
  HCV genotype (n, %)                                                                                                    0.674^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
   1a                                         14 (66.7)                4 (57.1)                 18 (64.3)                
   1b                                         7 (33.3)                 3 (42.9)                 5 (31)                   
  Previous HCV treatment (n, %)                                                                                          0.212^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
   Naïve                                      12 (57.1)                5 (72.4)                 17 (60.7)                
   Treatment experienced (IFN based) (n, %)   9 (42.9)                 2 (28.6)                 11 (39.3)                
  Cirrhosis (n, %)                            11 (52.4)                3 (42.9)                 14(50.0)                 1^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
  Diabetes (n, %)                             4 (19.0)                 4 (57.1)                 8 (28.6)                 0.142^[\*](#tfn1-cmh-2016-0087){ref-type="table-fn"}^
  Pre-laboratory test (mean±SD, range)                                                                                   
   HCV RNA (log10 U/L)                        6.1 ± 0.9 (2.8-7.0)      6.1 ± 0.6 (5.2-6.8)      6.1 ± 0.0 (2.8-7.0)      0.841
   Hb (g/dL)                                  13.5 ± 2.0 (8.6-16.1)    13.3 ± 2.3 (11.0-16.5)   13.4 ± 2.0 (8.6-16.5)    0.853
   Platelet (10^9^/L)                         144.1 ± 72.5 (29-284)    153.4 ± 44.0 (85-214)    146.5 ± 65.9 (29-284)    0.754
   PT (INR)                                   1.14 ± 0.16 (0.9-1.4)    1.04 ± 0.09 (1.0-1.2)    1.12 ± 0.03 (0.9-1.4)    0.195
   Albumin (g/dL)                             3.7 ± 0.6 (2.0-4.6)      3.7 ± 0.4 (3.0-4.2)      3.7 ± 0.6 (2.0-4.6)      0.91
   ALT (U/L)                                  69.2 ± 53.2 (21-250)     56.4 ± 42.2 (6-134)      66 ± 50.2 (6-250)        0.57
   AST (U/L)                                  62.5 ± 32.8 (25-160)     47.3 ± 27.2 (13-87)      58.7 ± 31.7 (13-160)     0.279
   Bilirubin (mg/dL)                          0.8 ± 0.4 (0.3-2.0)      0.5 ± 0.2 (0.4-0.8)      0.7 ± 0.4 (0.3-2.0)      0.029
   Creatinine (mg/dL)                         1.2 ± 0.2 (0.9-1.7)      1.8 ± 0.3 (1.3-2.2)      1.3 ± 0.4 (0.9-2.2)      \<0.001
   CrCl (mL/min/1.73m^2^)                     55.2 ± 3.7 (47.4-59.9)   36.6 ± 6.4 (30.0-44.2)   50.6 ± 9.3 (30.0-59.9)   \<0.001

Values are presented as mean ± SD or n (%) unless otherwise indicated. The body-mass index is the weight in kilograms divided by the square of height in meters.

CKD, chronic kidney disease; CKD 3A, estimated glomerular filtration rate (eGFR) 45--60 mL/min/1.73m^2^; CKD 3B, eGFR 30-45 mL/min/1.73m^2^; SOF, sofosbuvir; LDV, ledipasvir; SIM, simeprevir; PEG, pegylated interferon; RBV, ribavirin; SD, standard deviation; HCV, hepatitis C virus; IFN, interferon; Hb, hemoglobin; PT, prothrombin time; INR, international normalized ratio; ALT, alanine transaminase; AST, aspartate transaminase; CrCl, creatinine clearance.

Fisher's exact test.

###### 

SVR12 rates in patients by population subgroup

  Response                                                                    SVR12 rates-no./ total no. (%)   *P*-value
  --------------------------------------------------------------------------- -------------------------------- -------------------------------------------------------
  Chronic kidney disease stage                                                                                 0.545^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   3A                                                                         17/21 (81.0)                     
   3B                                                                         7/7 (100)                        
  Treatment regimen                                                                                            0.469^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   SOF/LDV                                                                    9/11 (81.8)                      
   SOF/SIM                                                                    12/13 (92.3)                     
   SOF/PEG/RBV                                                                3/4 (75.0)                       
  Rapid virological response^[†](#tfn3-cmh-2016-0087){ref-type="table-fn"}^                                    0.166^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   RVR (-)                                                                    3/5 (60.0)                       
   RVR (+)                                                                    18/20 (90.0)                     
  Cirrhosis                                                                                                    0.596^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   Cirrhosis (-)                                                              13/14 (92.9)                     
   Cirrhosis (+)                                                              11/14 (78.6)                     
  DM                                                                                                           0.555
   DM (-)                                                                     18/20 (90.0)                     
   DM (+)                                                                     6/8 (75.0)                       
  Gender                                                                                                       1^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   Male                                                                       13/15 (86.7)                     
   Femele                                                                     11/13 (84.6)                     
  Age                                                                                                          0.116^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   \<65                                                                       17/18 (94.4)                     
   65                                                                         7/10 (70.0)                      
  BMI                                                                                                          1^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   \<30                                                                       17/20 (85.0)                     
   30                                                                         7/8 (87.5)                       
  Pretreatment HCV RNA (IU/mL)                                                                                 1^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   \<800,000                                                                  6/7 (85.7)                       
   ≥800,000                                                                   18/21 (85.7)                     
  Previous treatment                                                                                           1^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   Naïve                                                                      15/17 (88.2)                     
   Treatment experienced                                                      9/11 (81.8)                      
  HCV genotype (n, %)                                                                                          0.116^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   1a                                                                         17/18 (94.4)                     
   1b                                                                         7/10 (70.0)                      
  Race (n, %)                                                                                                  1^[\*](#tfn2-cmh-2016-0087){ref-type="table-fn"}^
   Caucasian                                                                  20/24 (83.3)                     
   African American                                                           2/2 (100)                        
   Other                                                                      2/2 (100)                        

The body-mass index is the weight in kilograms divided by the square of height in meters.

SVR12, sustained virological response 12 weeks post treatment; SOF, sofosbuvir; LDV, ledipasvir; SIM, simeprevir; PEG, pegylated interferon; RBV, ribavirin; RVR, rapid virological response; DM, diabetes mellitus; BMI, body mass index; HCV, hepatitis C virus.

Fisher's exact test;

RVR had not been tested in three patients.

###### 

Adverse events by baseline renal function

  Adverse events                         CKD 3A (n=21)   CKD 3B (n=7)   All patients (n=28)
  -------------------------------------- --------------- -------------- ---------------------
  Symptoms                                                              
   Fatigue                               3               2              5
   Headache                              2               1              3
   Abdominal discomfort                  1               0              1
   Rash                                  1               0              1
   Dizziness                             1               0              1
   Diarrhea                              1               0              1
   Nausea                                1               0              1
   Anxiety                               1               0              1
   Eye discomfort                        1               0              1
  Blood tests related                                                   
   Decreasing Hb level to \<10.0 g/dL    1               1              2
   Decreasing Hb level to \<8.5 g/dL     2               0              2
  Erythropoietin use during treatment.   2               1              3
  Transfusion for anemia                 2               0              2
  Worsening of renal function            2               2              4

Worsening of renal function was defined as a 30% reduction in eGFR from baseline during treatment.

CKD 3A, estimated glomerular filtration rate (eGFR) 45--60 mL/min/1.73m^2^; CKD 3B, eGFR 30-45 mL/min/1.73m^2^; Hb, hemoglobin.
